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INTRODUCTION

The purpose of the fa.eld tests was to determine experlmentally
the attenuvation of electromagne.tlg waves in soil. Theory 1ndlcates that
Ith'e- attemuation should be small ,_i‘or the fre(iuency range of 50 to 150 ke.
'fhe ‘res;ults of the experiment are in general agreement ﬁth the”calcul‘a‘-

. tions. | - L V

Description of Experiment

The site cons:.sted of two ditches 2 feet m.de, 6 feet deep and
"25 feet long. The. trenches Were parallel to each other and weré separated

by a wall 5 feet wide. The soll was a mixture of gravel, clay, and sand.
© -G T e

Figure 1.’ Cross Section of Test Slte

The equipment used for the experiment consisted of two. identical

1

coils s one used as the transmitter and the other as the receiver,

@ » 1 See APPENDIX A for Coil ""Pér.ameters.
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Flgure 2 'I‘ransmtter Circuit

The transmitter c:Lmuit shown in Flgure 2 con51sted of a.

- @ . Hartley oscillator operating at 90°h ke, Plate and filament voltages

= were suppl:.ed by means of batterleso

'The receiver, shown in Flgure 3 consisted of a tuned cu'cult

~and a battery-operated Ballantine voltmeter.

T BALLANTINE
S VOLTMETER
e

AN

o Figure 3. Receiver Circuit.
< |
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Wooden frames supporbed the transmitter and recelver in pos:Ltlon.

vThe transmtt.er was placed :Ln one trench and the recelver was placed in

N

'. the other trench so that transmissn.on of the s:.gnal from transmtter to.
2 recelver was through the S-—foot wall of earth. The plane of each-coa.l was .

'malnta::.ned parallel to the trench wallso

Initially, the 00113 were placed opp051te each othem The re-

ceiver was kept stationary and the transmtter was. than moved in steps of

-3 feet a.long the length oi' its trench. The voltages mduced in the re-

ceiver at each of these :Lntervals were recorded. This conflguratn.on is

. essen’c:.ally equivalent to the jbranspon_(;lor' s being buried 5 feet down, with

the transmitter coil held above and parallel to the ground.

The induced volt.age in the receiver was also measured under

conditions where the transmissmn was through air and the dlstance separating

’ theiwo co:.ls was the same as their minimum separation in the trenches.

A reading was taken of the receiver output vuth the transmitter
turned off, to make sure that’ the _voitages fneasured were not due to. un=-
known sources. This reading over a five minute period was less than 1
millivolt, which is the Yowest voltage ﬁhe Ballafxtine voltmeter will i.nch'.ca'ceo

E;q)erimental Data

- The measured s voltages are labeled accordlnc, to the pos:ut.mns

shown in Figure h.
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POSITIONS OF TRANSHITTER Corl
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Figure L. Positions of Transmitter with
' Respect to Receiver

The results of four runsa.re shown in Table 1.
. Ce | Table 1
Rinl = Run? "Run 3 Run L
! _ o 2 v - 23 v 210V 22 v
| ‘ 3 16 v i v 7.0 V 12,0 v
; o 6t 1.6V - 1.8V 1.7V 2,0
: 9t 0,03V 0.15V 0.13 0.06V
! o o 12 0.27V - 0.21v. ~ 0.18" 0.227
! L ' N - 15t 0.22v - 0.20V 0.21 0.4V
! - 18t 0.15Vv - 0.15V — 0.12V
f . The induced voltage in the receiver measured for transmission
% @ ‘ through air with a separation of 80.5" between transmitter and i‘ece-iver
/ coil was 24,0V, | |
; b~ " CONFIDENTIAL
t Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 ;: CIA-RDP78-03153A001300030003-4



Declassified in Part - Sanitized Copy Approved for Reléasé_2014/05/01 CIA-RDP78- 03153A001300030003 4

&

CONFIDENTIAL
 SECURITY INFORMATION

)
{
t
|
i
t
1
Y
i
4

Several measurements were made where the transmtber con.l was

o rotateci for maximum sn.gnal a*b the rece:m'ero It was found tha’c except
f : "Ii‘or the O’ posn.'clon, a mgnal mam.mum was measured at- the recelver for
>two partlcular positions of the transmttero These posl’olons were found
by rotatmg counterclock m.se and clockwise with respect tao the p031t10n
V‘cf belng parallel to the trenches. |

' Comparlson of Experimental Data 'Hlth Theory.

The induced voltage 1n one co:.l due to a second energlzed coil,

L ‘Vfor the ‘case where the two 00118 are malntalned parallel was calculated
in t,he ?hase I report. The ratlo of the induced voltage at some pos:.tlon

‘-0 (see I‘lgure 5) to the posxtlon ‘of minimum distance (ONO) is given by

cos3 o (-Z-cos G—rl)

RECEIVER

A TRANS MITTER

POS [T101Y OF AN DISTRNVCE

Figure 5, Configuration of Transmitter and Receiver

-where the transmission pé.th is in air. This expression has been verified

experimentally for transmission in air. Thus, since no attenuation factor

Y

was considered in the derivation, we can conclude that attenuation in air

can be neglected.
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In order to oompare e:q;erlmen‘bal results m_th theory, the
: express:.on given above was evaluated for values of © correspondmg

to the 3' 6', 91 ete. pos:.tlons. -These results are glven 1n Table II.

abio 11

Position e v cos3 @ (300529-‘%) .
0! 0. 1
3t 25,5 0.532
6' . Lllps 0.137
9! ©53.3 0 - 0.00725
151 65,9 .. 0.017

18! 6,9,5- '_j,'i; 0.013

The experimental data was reduced to the same form by d:.vn.dmg

'_the voltages measured at the recelver for the different posrt:mns by the

'voltage at the receiver for the O' position. In addltlon, to facll:.tate

' comparlson ‘these ratios were d:wlded by the correspondmg values of the
theoretlcally expected valne glven in Table II, Table III gives_the

result of these computations. We have labelled the voltage ratio 7 i.e.
voltage at 0', 31, 61, etc, to véltage at O position, The éXpected
value for this ratio as glven by the expression of Table I has .been-

;,»a

"calledE

- -'frable'* III

e o ' Lo '..--av,eﬂ
- . Position Run 1 Rtm2 - Run 3 Rl avew TE

‘ 3 0,572 0608 10.333 0.5L46 0.512 . .962
| .6 0,057 0.0783 0.0808 - 0,110 0,0815 - 0.595
| 2y ¢ 0.0017  0,00652 . 0.,00618 0.00273 0.00428 ' 0.592

o1y 0,0096 0.00913:. 0,00857 0,010 00934 0,562
| C ~ s 15t 0.00786 0,00870 .- 0.010 0,00955  0.,00903 © 0,531
; 18t . 0.00536 0,00652 ~ —— 0,00546 0.,00578: 0.LL5
E R b commmm.
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The values for ave ')z /E indicate that attenuation exz.sts, .
smce their magnltude decreases mth increase in distance..

©If we assume the attenuation is of the form e"kr where k

’13 the absorptlon coefflclent and r 1s the dlst,ance travelled through

- the absorbmg medium, then the theoretically expected value should be
~of the form

e-k
-kro °

cos3 @ (-coszG--l-)

The fagtor e~K¥o appeanng in the denominator is the atte:matlon
factor for transm:.ssu.o dlrectly through the 5 wall. lt lS 1ntroduced

to take care of ths fact, that we have dlv:Lded by the voltave readlng at

: the receiver for the 0! pos:.tlon. N

The values fo'r ave '7( /E thus have the expected value as given

by
"k ( I‘-I'o )

“and is’ equal o unity when r r where o = 5' Whlch is the m.dth of
'the wall separating the two trenches, By taking the log of both sides

of the equat:.on-

ave N = ok(r-r,)

1n(i‘.’.9_.’.'l_) = k(r- ).

Us;.ng the method of least squares we can evaluate k by_. -

where the summation is over the -k_e@‘erimental ‘values"'fbr the various

~ positions. The distance ‘;g'avélléd through the absorbing medium is given

AANTRTIDNTTAT
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by - 5 . The vylue for k :_evélﬁéted ‘qy this method is 0.,113. _‘I‘he

~ cos® _ : '
value of r-r, for the field to fall off to 1/e is 8.85 or r = 13.9

feet. The mean deviation for k is s 0.086. This gives 0.027 amd

0.199 for the probable limits _o"f:f.k'which correspond to r equal'tcj L2

‘ _:feet- and 10.02 feet. -A value for k was also obtained from the averave _

' value o? receiver voltage mth transml‘cter in t.he o posﬁ.lon a.nd the

voltage obtained with the same sepa.ratlon of transmtter and receiver

in air, For these data k = .0.00)4‘ and r = 250 feet for an attenu.atlon

of 1-..
. )

The distance for the field to fall off to & calculated from

electrlcal constantsz for soil is 52 feet for 100 kec. Which is within

" the range of values obtained e}q;erlmentally.

Thg large spread ob‘served- in the values for k is probably due, ‘
to the difficulty of carrying out careful experiments in the field,
In practical! effect, the results iange from introducing a 10:1 reduction
in signal on round trip to being negligible, when comparing transmission

through air and soil,

2 See Report for Phaz I p. 33.
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APPEMDIX &

_Description of Coil

Each coil contained 110 turns

of 52 strands of #38 enameled |
- cépﬁer. wire, wound "spidér-wéb
E; . fashinn on masonite ‘fonv:us‘.l :
The dimensions of the form a'rre‘ :

shown in the figure. There

were 19 pags and 19 spaces. The

coils had an inductance of 10,3 mh

~

with a distributed capacity of 38,6 mmf. The Q at the operating fre-

quency of 90 ke. was 130. S ' : , -

o
s
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